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Abstract. Dual coagulant has the potential to improve the coagulation process. In leachate 
treatment coagulation/flocculation can be used as a main treatment method or as a 
polishing/tertiary treatment step. Application of natural coagulant as coagulant aids able to 
increase the formation of floc and the removal ability of the coagulation process. This study was 
focusing on the ability of dual coagulants made from chemical coagulant (Alum) and natural 
coagulant (Cicer Arietinum (CA)) in removing colour from leachate. Jar test was carried out to 
investigate the effect of dose and pH on the removal ability of the dual coagulant. The optimum 
pH and dose for dual coagulant were obtained at pH 6.0 with dose of Alum at 4 g/L and dose of 
CA at 0.6 g/L with 94% removal of colour. While the optimum removal of colour for single 
Alum (4 g/L) and single CA (1.4 g/L) were recorded as 88% and 22%, respectively. The 
removals obtained using single natural and chemical coagulants were not as good as those 
obtained by dual coagulant. Thus, addition of CA as a coagulant aid for alum, able to increase 
the removal of color from leachate and has the potential to be applied as a treatment method for 
leachate. 
 
1.  Introduction 
Most of solid waste disposed through landfilling [1]. The negative outcomes of landfill is the production 
of leachate. Leachate is classified as highly polluted wastewater and its composition varied over period 
of time. Leachates contain large amounts of organic matter, humic-type constituents, ammonia-nitrogen, 
heavy metals, chlorinated organic/ inorganic, and dark in color [2]. The compound of leachate has turned 
into the subject of dirtied wastewater and causing pollution to surface water and groundwater [3]. 
Treatment of leachate consist of biological, chemical and physical method. Suitability of this treatment 
is depending on the composition of the leachate. 
Coagulation and flocculation are categories as physical and chemical treatment method. This method 
is suitable for partially and stable leachate. Mixing intensity, coagulant type, pH, duration, and dose are 
amongst the factors that are considered in coagulation and flocculation. One of the main factors 
considered is type of coagulant. Coagulant is divided into chemical and natural coagulant. Chemical 
coagulant is the most commonly used coagulant in coagulation and flocculation treatment. To reduce 
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the use of chemical coagulants, natural coagulants are the best alternative. Natural coagulants are 
environmentally friendly materials that would not affect the health of humans and other living 
organisms. There is a variety of natural coagulants used around the world, depending on the suitability 
of the material as coagulant [4]. 
CA known as chickpea is the second most widely grown legume crop after soybean, accounting for 
a substantial proportion of human dietary nitrogen intake and playing a crucial role in food security in 
developing countries [5]. CA seeds are usually used for human consumption [6]. CA is the third most 
important pulse crop worldwide and South Asia alone contributes approximately 72% of the production 
[7]. CA seeds are rich in proteins but they also contain a substantial amount of free amino acids, 
especially arginine [8]. Natural coagulants have bright future and are concerned by many researchers 
because of their abundant source, low price, environment friendly, multifunction, and biodegradable 
nature in water purification [9]. The properties of CA is suitable to be used as coagulant aid [9]. 
However, the application of chickpea as coagulant aid is still at research stage. Thus, more study need 
to be carried out to fully utilized its potential. The objective of this study is to determine the ability of 
CA as coagulant aid for alum by assessing the percentage removal of color from leachate and to compare 
the removal of color of dual coagulant (alum+ CA) with single coagulant (alum and CA) under the 
influence of pH and dose. 
2.  Methodology 
Samples of leachate were collected from Simpang Renggam landfill located in Johor, Malaysia. The 
sampling procedures and analytical test for leachate were conducted according to APHA 2005 [10]. The 
characteristics of raw leachate from Simpang Renggam landfill was shown in table 1. All coagulation 
experiments were carried out using leachate sample. 
        H2SO4 and NaOH were used to adjust the pH of the leachate. 500 mL of raw leachate from Simpang 
Renggam was added to each of the jar test beakers. The stock solution of alum used in this study was 
3% solution. The dose of alum was added to the leachate at the beginning of rapid mixing, while dose 
for CA was added at the beginning of slow mixing. The speeds of rapid and slow mixing were shown 
in table 2. The color of leachate was measured by using HACH DR6000 spectrophotometer (Method 
8006) before and after treatment to determine the percentage removal. Optimum value was selected by 
selecting the highest removal of color obtained. 
 
               Table 1. Characteristic of raw leachate from Simpang Renggam landfill 
Turbidity (NTU) * 
Suspended 
Solids (mg/L) * 
Colour 
(ptCo) * 
pH* 
44.55 146.25 37.5 8.25 
                                                         *Average value of 6 leachate samples 
 
Table 2. Constant jar test factor [11] 
Factor Value 
Rapid mixing (rpm) 200 
Rapid mixing duration 
(minutes) 
4 
Slow mixing (rpm) 30 
Slow mixing duration 
(minutes) 
15 
Settling time (minutes) 30 
 
2.1    Preparation of CA. 
The preparation of CA stock was adopted from Asrafuzzaman et al [12]. The CA powders were sieved 
(75 µm size sieved size). Sieved CA was added into distilled water to make 0.01 g/L CA solution. The 
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solution was vigorously mix for 45 minutes using a magnetic stirrer to promote water extraction of the 
coagulant proteins, and then filtered (Whatman no. 42, 125 mm dia.).  
 
3.  Results and Discussion 
In this study, colour efficiency of leachate effluent treated by single alum coagulant, single CA coagulant 
and dual coagulant were compared in figure 1. As shown in figure 1, the colour removal ability of CA 
was the lowest and indicated that CA as single coagulant was not effective in removing colour. While 
alum, as single coagulant recorded 88% colour removal at 5.5 g/L. Application of dual coagulant 
increased the removal ability. Alum 3 g/L+CA and CA 0.6 g/L+alum, shown higher trends compared to 
single CA and alum. Thus, addition of CA improved the coagulation process. However, the doses of 
alum and CA should be kept sufficient and not overdosing to ovoid re-stabilization [13]. 
     At 2 g/L alum and 0.6 g/L CA, 83 % colour removal was achieved. At 2 g/L alum as single coagulant, 
just 62% colour removal was obtained. Therefore, addition of CA increased the colour removal ability 
removal compared to single alum. At optimum dose of single alum (5.5 g/L), the removal was increased 
from 88% to 94% after addition of 0.6 g/L CA. This data in in-line with the previous study [14].  
     Based on figure 1 addition of CA as dual coagulant, had better colour removal compared to alum as 
single coagulant. Dual coagulant (alum 3.5 g/l and CA 0.6 g/L), achieved 89% colour removal with 36% 
less alum dose compared to single alum that required 5.5 g/L dose. Removal rate 94% was also achieved 
by dual coagulants at lower dose of alum (4 g/L) with the aids of 0.6 g/L CA. Addition of CA most 
likely increased the weight of floc and enhanced the colour removal. Based on the result, addition of CA 
able to reduce the dose of alum and enhanced the coagulation efficiency. It can be concluded that 
addition of CA resulted in possible reduction of treatment cost and health effect. 
 
Figure 1. Removal of color under the influence of dose (leachate at pH 6) 
      The following experiments were designed to find the optimal pH of dual coagulant (alum 2 g/L+CA 
0.6 g/L), single alum (3g/L) and single CA (0.7 g/L) as shown in figure 2. Performance of CA as single 
coagulant is still the lowest compared to alum and alum+CA. Removal of color from leachate under the 
influence of pH at acidic condition, resulted on similar trend for alum, CA and alum+CA. However, at 
pH 7 alum shows higher removal compared to CA and alum+CA. The amount of alum added was more 
than amount of CA, thus most of the coagulation optimum condition will favoured the optimum 
condition of alum as a single coagulant. The difference of percentage removal ability of alum and 
alum+CA were not too far..  However, at pH 3-6, alum+CA recorded slightly higher removal compared 
to alum and this indicates that the pH condition is suitable for alum and CA as dual coagulant.  
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      Optimum pH for maximum colour removal efficiencies of alum+CA, alum and CA were at 4, 4 and 
3, respectively. The colour removal recorded at this optimum pH for alum+CA, alum and CA were 95%, 
93% and 35%, respectively. As shown in figure 2, reduction of removals were recorded at alkaline 
condition for all of the coagulants tested. This data was in good agreement with the previous finding [7]. 
The experimental data indicated that dual coagulant and single alum and CA performed better at acidic 
condition. 
 
Figure 2. Removal of color under the influence of pH 
4.  Conclusion 
The application of Alum+CA as main coagulant and coagulant aid in leachate, enhanced the colour 
removal.  Dual coagulation (Alum+CA) is more effective than a single coagulant. At pH 6 and dose of 
dual coagulant 4 g/L (alum) and 0.6 g/L (CA), 94% colour removal was recorded. The study has shown 
a good potential of CA to be used as natural coagulant aid in leachate treatment. 
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